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Abstract
We study the response of a uniformly accelerated detector modeled by a two-level atom non-
linearly coupled to vacuum massless Rarita-Schwinger fields. We first generalize the formalism
developed by Dalibard, Dupont-Roc, and Cohen-Tannoudji in the linear coupling case, and we
then calculate the mean rate of change of the atomic energy of the accelerated atom. Our result
shows that a uniformly accelerated atom in its ground state interacting with vacuum Rarita-
Schwinger field fluctuations would spontaneously transition to an excited state and the unique
feature in contrast to the case of the atom coupled to the scalar, electromagnetic and Dirac fields
is the appearance of terms in the excitation rate which are proportional to the sixth and eighth
powers of acceleration.
PACS numbers:
∗ Corresponding author
† email: hwyu@hunnu.edu.cn
1
I. INTRODUCTION
Unruh discovered in1976, by examining the response of a so-called Unruh-DeWitt particle
detector to massless scalar fields, that for a uniformly accelerated observer, the Minkowski
vacuum is seen to be equivalent to a thermal bath of Rindler particles at a temperature
TU = a/2π [1], where a is the observer’s proper acceleration. Since then, the Unruh effect
has attracted a great deal of attention both for the crucial role it has played in our under-
standing that the particle content of a quantum field theory is observer dependent and for
its close relationship to the Hawking radiation from black holes (see Refs. [2–4] for reviews
for extensive works on the Unruh effect and its applications). Recently, the Unruh effect
has been studied from the perspective of a two-level atom interacting with vacuum quantum
fields, such as scalar [5–7], electromagnetic [8–13] and Dirac fields [14], in the formalism de-
veloped by Dalibard, Dupont-Roc, and Cohen-Tannoudji (DDC) [15, 16], where the atom’s
excitation is distinctively attributed to the contributions that result from fluctuations in
the vacuum, and those that are due to the disturbance of the quantum field caused by the
atom-field coupling. These studies show that if the atom is accelerated, then the delicate
balance between vacuum fluctuations and radiation reaction that ensures the stability of
the ground-state inertial atoms in vacuum is altered, thereby making transitions to excited
states for the ground-state atoms possible even in vacuum. This result is not only consistent
with the Unruh effect, but also provides a physically appealing interpretation of it, since it
gives a transparent illustration for why an accelerated detector clicks.
In this paper, we plan to go a step further to make the spectrum of research more com-
plete, that is, we will extend the studies on the Unruh effect to particle detectors coupled
to quantum fields of higher spin. In particular, we will examine the spontaneous excita-
tion of an accelerated detector modeled by a two-level atom in interaction with vacuum
spin 3/2 fields, i.e., Rarita-Swhinger fields [17], using the DDC formalism that makes use
of a well-defined separation of detector excitations into vacuum fluctuations and radiation
reaction. Our interest in the issue also lies in the role Rarita-Schwinger fields play in super-
symmetry. As it is well-known, supersymmetry is a relativistic symmetry between bosons
and fermions [18–20]. It unites in a single supermultiplet particles with different intrinsic
spins differing by units of one half so that fermions become superpartners of bosons and vice
versa. If it is correct, supersymmetry implies that every known elementary particle must
have a superpartner. So, the graviton of spin 2 supposed to mediate gravitation, one of the
four fundamental interactions in nature, has a superpartner called the gravitino which is
described a spin-3
2
field, i.e., the Rarita-Schwinger field. We plan to calculate the sponta-
neous excitation rate of a uniformly accelerated two-level atom in interaction with vacuum
Rarita-Schwinger fields using the DDC formalism.
The paper is organized as follows. In Sec. II, we generalize the DDC formalism to Rarita-
Schwinger fields where the coupling between an atom and the field is nonlinear and then
in Sec. III, we use the generalized DDC formalism to calculate the spontaneous excitation
rate of uniformly accelerated atoms interacting with fluctuating Rarita-Schwinger fields in
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vacuum. We conclude in Sec. IV. Natural units in which h¯ = c = 1 and metric signature
(+,−,−,−) will be used throughout the paper.
II. THE GENERAL FORMALISM
The system we shall consider consists of a two-level atom and a bath of vacuum fluctuating
massless Rarita-Schwinger fields in four dimensional Minkowski spacetime. The two states
of the atom, i.e., the ground and excited states, are denoted by |−〉, |+〉, respectively, with
energies being −1
2
ω0 and +
1
2
ω0 . The coordinates of the atom associated with an inertial
reference are denoted by xµ = (x0, ~x) = (t, x, y, z). The atom is assumed to be on a
stationary trajectory x(τ) = (t(τ), ~x(τ)) where τ indicates the proper time. The evolution
of the atom in proper time τ is controlled by the following Hamiltonian [21],
HA(τ) = ω0R3(τ) (1)
where R3(0) =
1
2
|+〉〈+| − 1
2
|−〉〈−|. The Lagrangian of the massless Rarita-Schwinger field
ψρ(x) which the atom is assumed to be coupled to is given by [22]
L = −ǫλρµν ψ¯λγ5γµ∂νψρ , (2)
where
γ0 =

I 0
0 −I

 , γi =

 0 σi
−σi 0

 (3)
with σ being the Pauli matrices, γ5 = iγ
0γ1γ2γ3, ǫ0123 = 1, and ψ¯λ = ψλ
†γ0. The γ-
matrices satisfy the algebra: {γµ, γν} = 2gµν , where {, } stands for the anticommutator.
The Lagrangian (2) leads to the following Euler-Lagrange equation of motion
i[ gλρ/∂ − γλ∂ρ − γρ∂λ + γλ/∂γρ ]ψρ = 0 , (4)
where /∂ = γα∂α. This equation is invariant under chiral rotations as well as fermionic gauge
transformations ψρ → ψρ + ∂ρφ, where φ is an arbitrary spinor field. To fix the gauge, we
impose the following conditions [23]
γiψi = 0 , ψ0 = 0 , ∂
iψi = 0 . (5)
Then the original Euler-Lagrange equation becomes the Dirac-like equation of motion,
i/∂ψµ = 0 . Consequently, the Rarita-Schwinger field has a general plane-wave expansion [23],
ψµ(x) =
∑
s=± 3
2
∫
d3~p√
(2π)3 2p0
[c(~p, s, t) uµ(~p, s)e
−ip·x + d∗(~p, s, t) vµ(~p, s)e
ip·x] . (6)
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Here, the mode function uµ(~p, s) is given by
uµ(~p,±3
2
) = D3(φ)D2(θ)uµ(p0,±3
2
) , (7)
with
uµ(p0,±3
2
) = ǫµ(p0,±)u(p0,±) , (8)
where the polarization vectors, ǫµ(p0,±), and the Dirac spinors in the direction pµ =
(p0, 0, 0, p0) ( p0 > 0), u(p0,±), are given respectively by
ǫµ(p0,±) = ∓
√
1
2
(0, 1,±i, 0) , (9)
and
u(p0,±) = √p0

 ϕ±
±ϕ±

 with ϕ+ =

1
0

 , ϕ− =

0
1

 . (10)
D3(φ)D2(θ) is the rotation of uµ(~p,±32) from the direction pµ = (p0, 0, 0, p0) to a generic
direction pµ = (p0, p0 sin θ cosφ, p0 sin θ sinφ, p0 cos θ) = (p0, ~p). The mode function vµ(~p, s)
can be obtained by the relation vµ(~p, s) = Cu¯
T
µ (~p, s), where C = iγ
2γ0 and u¯µ(~p, s) =
u†µ(~p, s)γ
0. These mode functions are normalized such that
u¯µ(~p, s′)γνuµ(~p, s) = v¯
µ(~p, s′)γνvµ(~p, s) = −δss′2pν (11)
and
u¯µ(~p, s′)γ0vµ(~p, s) = 0 . (12)
Here the anti-commutation relations of c(~p, s) and d∗(~p, s) as fermion creators and annihi-
lators are
{c(~p, s), c∗(~p ′, s′)} = δ3(~p− ~p ′)δss′ = {d(~p, s), d∗(~p ′, s′)} ,
{c(~p, s), c(~p ′, s′)} = {d(~p, s), d(~p ′, s′)} = {c(~p, s), d(~p ′, s′)} = 0 . (13)
The vacuum of Rarita-Schwinger fields is defined by the annihilation operators as
c(~p, s)|0〉 = d(~p, s)|0〉 = 0 . (14)
The evolution of free Rarita-Schwinger fields in proper time τ is generated by the free
Hamiltonian given by
HF (τ) =
∑
s
∫
d3~p ω~p [c
∗(~p, s)c(~p, s) + d∗(~p, s)d(~p, s)]
dt
dτ
. (15)
The atom interacts with vacuum Rarita-Schwinger fields and we assume the interaction
Hamiltonian to be
HI(τ) = µR2(τ)∂αψ¯
µ(x(τ))∂αψµ(x(τ)) , (16)
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where ψ¯µ(x(τ)) = ψµ†(x(τ))γ0, µ is the coupling constant that is assumed to be small and
R2(0) =
1
2
i[R−(0) − R+(0)] with R+(0) = |+〉〈−| and R−(0) = |−〉〈+| being the atomic
raising and lowering operators respectively. These operators obey [R3, R±] = ±R±, and
[R+, R−] = 2R3 . Similar to the case of Dirac fields[14], the interaction Hamiltonian here
is also quadratic in the field operator. This type of nonlinear interaction differs remarkably
from the linear atom-field couplings in the scalar and electromagnetic field cases [5–13] in the
sense that it makes atomic transitions via both absorption and emission of Rarita-Schwinger
particle-antiparticle pairs and inelastic scattering of a particle or antiparticle possible at the
lowest order of perturbation, whereas in the linear coupling case, the quantum is singly
absorbed or emitted and inelastic scattering occurs only at higher orders.
Now, with the total Hamiltonian of the system (atom+field) which is given by: H(τ) =
HA(τ)+HF (τ)+HI(τ), we can derive the Heisenberg equations of motion for the dynamical
variables of the atom and the field, and their solutions can be separated into two parts: the
free part (denoted by index “f”) that is present even if no coupling between the atom and
the field is assumed to exist and the source part (denoted by index “s”) characterized by
the coupling constant µ, which is generated by the interaction. They are associated with
vacuum fluctuations and radiation reaction, respectively. If we assume that the state of the
system is |0, b〉, where 0 represents the vacuum state of the field and b the state of the atom,
and choose a symmetric ordering between atom and field variables [15, 16], then following
the same procedure as that in Ref. [14], we find, to the order µ2, the mean rate of change of
the atomic energy
〈
dHA(τ)
dτ
〉
=
〈
dHA(τ)
dτ
〉
vf
+
〈
dHA(τ)
dτ
〉
cross
, (17)
where 〈
dHA(τ)
dτ
〉
vf
=
1
2
iµω0〈∂αψ¯µf (x(τ))∂αψ fµ (x(τ))[R2(τ), R3(τ)]
+[R2(τ), R3(τ)]∂αψ¯
µf(x(τ))∂αψ fµ (x(τ))〉 , (18)〈
dHA(τ)
dτ
〉
cross
=
1
2
iµω0〈∂αψ¯µf (x(τ))∂αψ sµ (x(τ))[R2(τ), R3(τ)]
+[R2(τ), R3(τ)]∂αψ¯
µf(x(τ))∂αψ sµ (x(τ))
+∂αψ¯
µs(x(τ))∂αψ fµ (x(τ))[R2(τ), R3(τ)]
+[R2(τ), R3(τ)]∂αψ¯
µs(x(τ))∂αψ fµ (x(τ))〉 . (19)
Notice that the cross-term contains both the free part and the source part and it is of the
same order as the sole vacuum fluctuation term in our perturbative treatment correct to the
order µ2. The cross-term dominates however over the sole radiation reaction term which is
of order µ3 and which can thus be neglected. This term does not appear at the order µ2 in
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the cases of linear couplings [5–13]. The above equations can be further simplified to
〈
dHA(τ)
dτ
〉
vf
= 2iµ2
∫ τ
τ0
dτ ′ CF (x(τ), x(τ ′))
d
dτ
χA(τ, τ ′) , (20)
〈
dHA(τ)
dτ
〉
cross
= 2iµ2
∫ τ
τ0
dτ ′ χF (x(τ), x(τ ′))
d
dτ
CA(τ, τ ′) . (21)
Here CF (x(τ), x(τ ′)) and χF (x(τ), x(τ ′)) are the two statistical functions of the field defined
respectively as
CF (x(τ), x(τ ′)) = CF+(x(τ), x(τ
′)) + CF−(x(τ), x(τ
′)) ,
and
χF (x(τ), x(τ ′)) = χF+(x(τ), x(τ
′)) + χF−(x(τ), x(τ
′)) ,
with
CF+(x(τ), x(τ
′)) =
1
2
〈0|∂αψ¯µf(x(τ))∂αψ fµ (x(τ))∂′βψ¯νf (x(τ ′))∂′βψ fν (x(τ ′))|0〉 , (22)
CF−(x(τ), x(τ
′)) =
1
2
〈0|∂′βψ¯νf (x(τ ′))∂′βψ fν (x(τ ′))∂αψ¯µf (x(τ))∂αψ fµ (x(τ))|0〉 ,
and
χF+(x(τ), x(τ
′)) = −1
2
〈0|∂αψ¯µf (x(τ))[∂′βψ¯νf(x(τ ′))∂′βψ fν (x(τ ′)), ∂αψ fµ (x(τ))]|0〉 , (23)
χF−(x(τ), x(τ
′)) = −1
2
〈0|[∂′βψ¯νf(x(τ ′))∂′βψ fν (x(τ ′)), ∂αψ¯µf (x(τ))]∂αψ fµ (x(τ))|0〉 ,
while CA(τ, τ ′) and χA(τ, τ ′) are the two susceptibility functions of the atom
CA(τ, τ ′) =
1
2
〈b|{Rf2(τ), Rf2 (τ ′)}|b〉 , (24)
χA(τ, τ ′) =
1
2
〈b| [Rf2(τ), Rf2 (τ ′) ]|b〉 , (25)
which can be explicitly written as
CA(τ, τ ′) =
1
2
∑
d
|〈b|R2(0)|d〉|2 (eiωbd(τ−τ ′) + e−iωbd(τ−τ ′)) , (26)
χA(τ, τ ′) =
1
2
∑
d
|〈b|R2(0)|d〉|2 (eiωbd(τ−τ ′) − e−iωbd(τ−τ ′)) . (27)
The summation in the above two equations runs over the complete set of the states of the
atom.
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III. THE SPONTANEOUS EXCITATION IN VACUUM WITH RARITA-
SCHWINGER FIELD FLUCTUATIONS
Let us assume that the two-level atom be uniformly accelerated such that its trajectory
is described by
t(τ) =
1
a
sinh(aτ) , x(τ) =
1
a
cosh(aτ) , y(τ) = z(τ) = 0 , (28)
where a is the proper acceleration. Now we begin to calculate the mean rate of change of the
atomic energy of the uniformly accelerated atom using the formalism given in the preceding
section. To do this, we need to compute the statistical functions of Rarita-Schwinger fields.
To simplify our computation, we define a matrix related to the two-point function of Rarita-
Schwinger fields as follows:
S+µν(x(τ), x(τ
′)) = 〈0|ψµ(x(τ))ψ¯ν(x(τ ′))|0〉 . (29)
Similarly, we can also define another one S−µν(x(τ), x(τ
′)) by:
[S−µν(x(τ), x(τ
′))]ab = 〈0|(ψ¯ν(x(τ ′)))b(ψµ(x(τ)))a|0〉 . (30)
These two matrices are positive and negative frequency Wightman functions of Rarita-
Schwinger fields, respectively. Substituting Eq. (6) into Eq. (29), and utilizing Eqs. (11)
- (14), we obtain
S+µν(x(τ), x(τ
′)) =
∑
s=± 3
2
∫
d3~p
(2π)3 2p0
uµ(~p, s)u¯ν(~p, s)e
−ip(x−x′)
= − i
2
δ¯να(γα/∂γβ)δ¯βµG
+(x(τ), x(τ ′)), (31)
where
δ¯µν = ǫµ(~p,+)ǫ
∗
ν(~p,+) + ǫµ(~p,−)ǫ∗ν(~p,−) = δµν − (∂µ∂¯ν + ∂ν ∂¯µ)(∂∂¯)−1 (32)
with ∂¯µ = (−∂0, ∂i), ∂∂¯ = ∂α∂¯α. In the Coulomb-like gauge (5), there are no unphysical
modes in the function above. Similarly, one can also show that
S−µν(x(τ), x(τ
′)) =
i
2
δ¯να(γα/∂γβ)δ¯βµG
−(x(τ), x(τ ′)). (33)
Here G+(x(τ), x(τ ′)) and G−(x(τ), x(τ ′)) are positive and negative frequency Wightman
functions of massless scalar fields in four dimensional Minkowski spacetime, which are given
respectively by
G+(x(τ), x(τ ′)) = − 1
4π2
1
(△τ − iε)2 − |~x− ~x ′|2 ,
G−(x(τ), x(τ ′)) = − 1
4π2
1
(△τ + iε)2 − |~x ′ − ~x|2 , (34)
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where △τ = τ − τ ′ and ε is a real infinitesimal quantity. Exchanging x(τ) and x(τ ′) in
S+µν(x(τ), x(τ
′)) leads to
S+µν(x(τ
′), x(τ)) =
i
2
δ¯να(γα/∂γβ)δ¯βµG
+(x(τ ′), x(τ)) . (35)
Thus, noticing that G−(x(τ), x(τ ′)) = G+(x(τ ′), x(τ)), we arrive at the relation:
S−µν(x(τ), x(τ
′)) = S+µν(x(τ
′), x(τ)) . (36)
With the Wightman functions of massless Rarita-Schwinger fields derived, now we can
calculate the two statistical functions needed in our calculation of the mean rate of change of
the atomic energy. Using Eqs. (29) and (30), we see that CF+(x(τ), x(τ
′)) and CF−(x(τ), x(τ
′))
can be written respectively as:
CF+(x(τ), x(τ
′)) = Tr[∂α∂′βS
ν
µ
+(x(τ), x(τ ′)) ∂α∂
′βS µν
−(x(τ ′), x(τ))] , (37)
CF−(x(τ), x(τ
′)) = Tr[∂α∂
′βS µν
−(x(τ ′), x(τ)) ∂α∂′βS
ν
µ
+(x(τ), x(τ ′))] , (38)
and χF+(x(τ), x(τ
′)) and χF−(x(τ), x(τ
′)) respectively as:
χF+(x(τ), x(τ
′)) = −Tr[∂α∂′βS µν −(x(τ ′), x(τ)) ∂′β∂αS νµ −(x(τ), x(τ ′))]
−Tr[∂α∂′βS µν −(x(τ ′), x(τ)) ∂α∂′βS νµ +(x(τ), x(τ ′))] , (39)
χF−(x(τ), x(τ
′)) = Tr[∂′β∂
αS νµ
−(x(τ), x(τ ′)) ∂′β∂
α S µν
+(x(τ ′), x(τ))]
+Tr[∂α∂
′βS µν
−(x(τ ′), x(τ)) ∂′β∂
αS νµ
−(x(τ), x(τ ′))] , (40)
where Tr[· · · ] represents the trace of a matrix. Substituting Eqs. (31) and (33) into Eqs. (37)-
(40), and using Eqs. (34), (36) and the trajectory (28), we get the two statistical functions:
CF (x(τ), x(τ ′)) = −183a
10
32π4
[
1
sinh10(a
2
∆τ − iε) +
1
sinh10(a
2
∆τ + iε)
]
, (41)
χF (x(τ), x(τ ′)) = −183a
10
32π4
[
1
sinh10(a
2
∆τ − iε) −
1
sinh10(a
2
∆τ + iε)
]
, (42)
Inserting Eqs. (41) and (27) into Eq. (20), extending the range of integration to infinity
for sufficiently long proper times, and making use of the techniques of contour integration
and residue theory, we obtain the contribution of vacuum fluctuations to the mean rate of
change of the atomic energy:〈
dHA(τ)
dτ
〉
vf
= − 61µ
2
1890π3
∑
ωb>ωd
|〈b|R2(0)|d〉|2ω10bd
×
(
1 + 30
a2
ω2bd
+ 273
a4
ω4bd
+ 820
a6
ω6bd
+ 576
a8
ω8bd
)(
1 +
2
e2πωbd/a − 1
)
+
61µ2
1890π3
∑
ωb<ωd
|〈b|R2(0)|d〉|2ω10bd
×
(
1 + 30
a2
ω2bd
+ 273
a4
ω4bd
+ 820
a6
ω6bd
+ 576
a8
ω8bd
)(
1 +
2
e2π|ωbd|/a − 1
)
.
(43)
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This reveals that the contributions of vacuum Rarita-Schwinger field fluctuations would
increase the atomic energy when the atom is initially in its ground state ( because of the
term (ωb < ωd)) and decrease it if otherwise (because of the term (ωb > ωd)). What
distinguishes a uniformly accelerated atom in interaction with the Rarita-Schwinger field
fluctuations from that in interaction with massless scalar field, electromagnetic field and
Dirac field fluctuations is the appearance of extra terms which are proportional to a6 and
a8.
Similarly, we can find, by plugging Eqs. (42) and (26) into Eq. (21), the contribution of
the cross term to the mean rate of change of the atomic energy:
〈
dHA(τ)
dτ
〉
cross
= − 61µ
2
1890π3
∑
ωb>ωd
|〈b|R2(0)|d〉|2ω10bd
×
(
1 + 30
a2
ω2bd
+ 273
a4
ω4bd
+ 820
a6
ω6bd
+ 576
a8
ω8bd
)
− 61µ
2
1890π3
∑
ωb<ωd
|〈b|R2(0)|d〉|2ω10bd
×
(
1 + 30
a2
ω2bd
+ 273
a4
ω4bd
+ 820
a6
ω6bd
+ 576
a8
ω8bd
)
.
(44)
This tells us that the contribution of the cross term can only decrease the atomic energy no
matter what the initial state of the atom is. Adding up Eqs. (43) and (44), we obtain the
total mean rate of change of the atomic energy
〈
dHA(τ)
dτ
〉
tot
= − 61µ
2
945π3
∑
ωb>ωd
|〈b|R2(0)|d〉|2ω10bd
×
(
1 + 30
a2
ω2bd
+ 273
a4
ω4bd
+ 820
a6
ω6bd
+ 576
a8
ω8bd
)(
1 +
1
e2πωbd/a − 1
)
+
61µ2
945π3
∑
ωb<ωd
|〈b|R2(0)|d〉|2ω10bd
×
(
1 + 30
a2
ω2bd
+ 273
a4
ω4bd
+ 820
a6
ω6bd
+ 576
a8
ω8bd
)
1
e2π|ωbd|/a − 1 .
(45)
As can be seen, from the above expression, the uniformly accelerated atom in the ground
state would spontaneously transition to an excited state in vacuum with fluctuating Rarita-
Schwinger fields. When a ≫ ωbd, the terms proportional to a6 and a8 which distinguish
the case of the Rarita-Schwinger fields from the cases of scalar, electromagnetic and Dirac
fields become preponderant over other terms. The appearance of power terms in a in the
mean rate of change of atomic energy for accelerated atoms in interaction with vacuum
electromagnetic, Dirac, as well as Rarita-Schwinger fields we are discussing in the present
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paper, which are absent in the case of a scalar field, shows that the equivalence between
the acceleration and a thermal bath is lost in terms of the spontaneous excitation of atoms
in these cases. However, the deviation from pure thermal behavior of the spontaneous
excitation of the uniformly accelerated atom by no means implies the exact final thermal
equilibrium is not reached. In fact, with the transition probabilities (excitation and emission)
for the uniformly accelerated atom which can be found from Eq.(45), one can show, by the
same argument as that in Ref [24], that exact thermal equilibrium will be established at the
Unruh temperature. Nevertheless, different behaviors of the transition probabilities of the
atoms do imply a clear difference between a thermal bath and the acceleration in terms of
how atomic transitions occur and how the equilibrium is reached.
IV. SUMMARY
We have calculated, after generalizing the DDC formalism to the case of an atom cou-
pled nonlinearly to vacuum Rarita-Schwinger field fluctuations, the spontaneous excitation
of a uniformly accelerated atom in interaction with fluctuating vacuum Rarita-Schwinger
fields. Our result shows that such a uniformly accelerated atom in its ground state would
spontaneously transition to an excited state in vacuum and the excitation rate contains, in
addition to those associated with a pure thermal bath the Unruh temperature at T = a/2π,
terms proportional to the acceleration to the power of six and eight which are absent in the
cases of the scalar, electromagnetic and Dirac fields. Although the behavior of a uniformly
accelerated atom deviates from that in a thermal bath in terms of the spontaneous excitation
and emission due to the appearance of such power terms, the exact thermal equilibrium will
still be established at the Unruh temperature a/2π. Nevertheless, different behaviors of the
transition probabilities of the atoms do imply a clear distinguishability between a thermal
bath and the acceleration in terms of how atomic transitions occur.
We must point out that the appearance in the excitation rate of terms of higher powers
of acceleration compared to the case of Dirac fields [14], i.e., terms proportional to the sixth
and eighth powers of acceleration, is actually a result of the derivative coupling nature of the
interaction. The same thing happens in the scalar field case, where powers of acceleration
will appear in the excitation rate of a detector when a monopole coupling is replaced by a
derivative coupling [4, 10, 25, 27]. This is because of that the excitation rate depends on
the derivatives of the Wightman function, which increase the order of the pole in the Sinh
function. The higher the order of the pole, the higher the powers of acceleration in the
excitation rate. It is also interesting to note that derivative coupling is not the sole reason
for the increase in the order of the pole, in fact, any perturbative expansion in a small
parameter of the Wightman function, even for the monopole coupling case is sufficient(see,
for example, Refs. [28, 29]).
Finally, let us note that when one considers that the detector is switched on and off, then
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the choice of the form of the Wightman function Eq. (34) in the present paper corresponds
to a particular choice of the regularizaion function which requires smooth C∞ switching
functions [30]. In this switching-on-and-off scenario, the switching functions considered by
us here are actually Heavyside step functions which usually result in transient effects due to
switching even for a stationary trajectory. The absence of such effects in the present paper
is however a result of the fact that we assume the detector to be switched on for an infinite
time interval which makes the extra transient effects vanish.
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